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(54) METHOD AND DEVICE FOR OSCILLATING PULSE GAS LASER 

(57)Abstract: 

PURPOSE: To permit energy equivalent to the energy of 
a tail to contribute as spike energy increase and 
eliminate the tail by outputting beams generated by 
excitation of gas laser medium as pulse laser beams by 
transmitting optically resonated pulse laser beams again 
through the excitation area between electrodes. 
CONSTITUTION: The deflection plane of laser beams is 
turned 90** by a wavelength board 24 and laser beams 
are transmitted to a deflecting element 21. Therefore, 
the deflection plane of laser beams which goes to and 
from and optically resonate by an optical resonator is 
linearly deflected, is turned 90** and permitted to enter 
the excitation area between electrodes 5 and 6 again. At 
that time, the optical path length formed by a first 
reflection mirror and a second reflection mirror 23 is set 
at a distance that beams run within the time width of the 
pulse laser beam spike. Since light intensity of the spike 
is much higher than the light intensity of the tail, the 

possibility of inducing induced emission is higher than that of forming the tail. Therefore, almost 
no tail is formed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The pulse gas laser oscillation method characterized by impressing voltage to each 
inter-electrode one by which opposite arrangement was carried out mutually, exciting a gas laser 
medium, making an excitation field inter-electrode [ each ] in the above penetrate again the 
pulse laser light which carried out optical resonance and obtained the light emitted by this 
excitation, and finally outputting pulse laser light. 

[Claim 2] Pulse gas laser oscillation equipment which is characterized by providing the following 
and which carries out optical resonance of the light which impresses voltage to each 
inter-electrode one by which opposite arrangement was carried out mutually, excites a gas laser 
medium, and is emitted by this excitation by the optical resonator. 1st polarization optical 
system which polarizes the light generated in an excitation field inter-electrode [ each ] in the 
above. Cuff optical system which polarizes and returns the laser beam which it polarized with 
this 1st polarization optical system, and was outputted by the optical resonator to the 
aforementioned excitation field. 

[Claim 3] The 1st polarization optical system is pulse gas laser oscillation equipment according 
to claim 2 characterized by carrying out the linearly polarized light of the light generated in each 
inter-electrode excitation field. 

[Claim 4] It is pulse gas laser oscillation equipment according to claim 2 which the 1st 
polarization optical system consists of each polarizing element arranged in an optical resonator, 
among these one polarizing element carries out incidence of the laser beam from optical system 
into an excitation field by return, and is characterized by for while having penetrated the 
aforementioned excitation field and the polarizing element of another side outputting the 
aforementioned laser beam from a polarizing element outside. 

[Claim 5] The optical path length until it returns from the optical resonator of optical system to 
the 1st polarization optical system by return is pulse gas laser oscillation equipment according to 
claim 2 characterized by being set as the distance to which a laser beam progresses in the time 
width of face of a spike. 

[Claim 6] Cuff optical system is pulse gas laser oscillation equipment according to claim 2 
characterized by having the wavelength plate which polarizes the aforementioned laser beam 
which spreads between two or more cuff mirrors which reflect the laser beam outputted from 
the optical resonator, and carry out incidence to the 1st polarization optical system, and these 
cuff mirror. 

[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention is C02 at least. Gas and N2 It is related with the pulse gas 
laser oscillation method which excites the gas laser medium containing gas and helium gas. and 
outputs a pulse laser, and its equipment. 
[0002] 

[Description of the Prior Art] C02 of a pulse oscillation As a method of laser, what is called TEA 
(longitudinal direction excitation atmospheric pressure) is typical. Since this laser can obtain a 
compact, comparatively high head output by the principle which a gain Q switch is called, without 
requiring a special device, it is used for latus application of laser beam machining which used the 
momentary evaporation over the front face of the matter using this high head output, the remote 
sensing which needs long distance air propagation. 

[0003] Drawing 3 is the block diagram of this pulse gas laser oscillation equipment. While the 
series connection of a capacitor 2 and the resistance 3 for charges and discharges is carried 
out, the switching element 4 is connected to the power supply 1. Among these, between a 
capacitor 2 and the resistance 3 for charges and discharges, each electrodes 5 and 6 by which 
opposite arrangement was carried out are connected. 

[0004] These electrodes 5 and 6 are arranged in the laser container 7 with which the gas laser 
medium was enclosed. This gas laser medium is C02. N2 for raising the efficiency of excitation 
other than gas Gas, helium gas which contributes to stable electric discharge or relief promotion 
of the bottom level of laser are contained. In addition. CO gas may be contained in a gas laser 
medium. 

[0005] Moreover, the high reflecting mirror 8 and the partial transparency mirror 9 are formed, 
respectively, and the optical resonator is constituted by these quantities reflecting mirror 8 and 
the partial transparency mirror 9 at the longitudinal direction side of each electrode 5 in the 
laser container 7. 

[0006] If it is this composition, power will be supplied to a capacitor 2 from a power supply 1, 
and the charge and the accumulation of a charge to a capacitor 2 will be carried out to the state 
where the switching element 4 has opened wide. 

[0007] Thus, if accumulation of a charge to a capacitor 2 is performed and a switching element 4 
closes, the charge accumulated at the capacitor 2 will shift to each electrodes 5 and 6. The 
potential between each electrode 5 and 6 becomes high by shift of this charge, glow discharge 
occurs between these electrodes 5 and 6, and a gas laser medium is excited. 
[0008] It is C02 by excitation of this gas laser medium. Light occurs from a molecule, optical 
intensity becomes [ this light ] high a round trip and by carrying out optical resonance between 
the high reflecting mirror 8 and the partial transparency mirror 9, and this is outputted as a pulse 
laser light. 

[0009] Here, when the operation from glow discharge generating to pulse laser light is explained 
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concretely, formation of the inverted population by glow discharge is farther [ than the start of 
the laser oscillation by the round trip of the light in an optical resonator ] quick. 
[0010] For this reason, the gain of pulse laser light is once stored as energy greatly exceeding 
the minimal dose required for laser oscillation, i.e.. an oscillation threshold. Next, if a laser beam 
occurs, since the energy will be emitted rapidly, the pulse laser light of the high head output 
called spike as shown in drawing 4 is obtained. 

[001 1] The persistence time of this spike is [ whether although it changes with losses, gas 
composition, etc, of the optical resonator, it is small until the gain of pulse laser light becomes 
below an oscillation threshold, and ] several 10 - 100ns. It is a grade. 

[0012] However, after this spike generating and several microsecondec The taper of the head 
output called tail occurs between grades. This tail is N2 which is mainly in an excitation state 
also after spike generating. It is outputted by the relief to CO dyad top level of a molecule, relief 
advance of the bottom level of laser, etc. when the inverted population arises again. 
[0013] Although the ratio of the energy of these spikes and a tail changes with equipment 
configurations etc., generally a spike is 50% or less of the whole. By the way. TEA-C02 Although 
laser uses pulse laser light with the head output and the short pulse width of a spike for 
application of laser beam machining etc.. it is difficult for a tail to appear with the 
above-mentioned composition, and to be unable to perform momentary evaporation, for example 
to the front face of the matter with this tail, but to apply to laser beam machining etc. 
[0014] With this tail, the faults of having a bad influence, such as an increase in the thermal load 
in application of surface treatment, are produced in many cases rather. Since it is such, it 
becomes important for application sides, such as laser beam machining, to suppress this tail. 
[0015] as one of the meanses of suppression of this tall — "Optics Communications" — the 
89th — although indicated by volume P429-433. with this technology, operation on conditions 
special [ not using helium as laser gas ] is required of 2 or more atmospheric pressure of 
pressures, and there are problems — it is hard to obtain a big excitation field — 
[0016] Moreover, there is technology of removing a tail simply using a high-speed shutter. 
Drawing 5 is the whole pulse gas laser oscillation equipment block diagram which used this 
high-speed shutter function. The electro-optics element 1 1 and the polarizing element 12 are 
arranged the laser beam on the street of pulse gas laser oscillation equipment 10. 
[0017] The power supply 13 and the switch 14 are connected, and this electro-optics element 
1 1 is rotating 90 degrees of plane of polarization of the pulse laser light penetrated by voltage 
impression from a power, supply 13. 

[0018] If it is this composition and pulse laser light will be outputted to the state where voltage 
is not impressed to the electro-optics element 11, from pulse gas laser oscillation equipment 10. 
the spike of this pulse laser light will penetrate the electro-optics element 12 and a polarizing 
element 12. 

[0019] If a switch 14 closes and half-wave length voltage is impressed to the electro-optics 
element 1 1 immediately after this spike penetrates the electro-optics element 1 1 . 90 degrees of 
plane of polarization of the laser beam which penetrates the electro-optics element 12 will 
rotate. 

[0020] Therefore, a tail cannot penetrate a polarizing element 12 by this rotatory polarization, 
but it dissociates with a spike. However, generally as a power supply 13, the thing of several 
1 0kV high voltage is required of equipment equipped with such a high-speed shutter function. 
[0021] For this reason, a switch 14 must be considered as high speed and high 
pressure-proofing, a control equipment like the switch 14 grade of a parenthesis is needed, and 
cost increases. Moreover, more than the half of the pulse laser luminous energy outputted 
becomes useless, and its efficiency is bad. 
[0022] 

[Problem(s) to be Solved by the Invention] Since a tail appears after a spike output as 
mentioned above, it is difficult to suppress this tail, and even if a high-speed shutter function 
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removes, more than the half of a pulse laser luminous energy will become useless, and efficiency 
will be bad [ more than ]. Then, this invention aims at offering the pulse gas laser oscillation 
method which can remove a tail, and its equipment. 
[0023] 

[Means for Solving the Problem] It is the pulse gas laser oscillation method that it is going to 
attain the above-mentioned purpose as voltage is impressed to each inter-electrode one by 
which opposite arrangement was carried out mutually according to the claim 1. a gas laser 
medium is excited, an excitation field inter-electrode [ each ] in the above is made to penetrate 
again the pulse laser light which carried out optical resonance and obtained the light emitted by 
this excitation and pulse laser light is finally outputted. 

[0024] In the pulse gas laser oscillation equipment which carries out optical resonance of the 
light which according to the claim 2 impresses voltage to each inter-electrode one by which 
opposite arrangement was carried out mutually, excites a gas laser medium, and is emitted by 
this excitation by the optical resonator It is pulse gas laser oscillation equipment which tends to 
be equipped with the cuff optical system which polarizes and returns the laser beam which it 
polarized with the 1st polarization optical system which polarizes the light generated in each 
inter-electrode excitation field, and this 1st polarization optical system, and was outputted by 
the optical resonator to an excitation field, and is going to attain the above-mentioned purpose. 
[0025] According to the claim 3. the 1st polarization optical system carries out the linearly 
polarized light of the light generated in each inter-electrode excitation field. According to the 
claim 4. the 1st polarization optical system consists of each polarizing element arranged in an 
optical resonator, among these one polarizing element carries out incidence of the laser beam 
from optical system into an excitation field by return, while penetrated the excitation field and 
the polarizing element of another side outputs the laser beam from a polarizing element outside. 
[0026] According to the claim 5. the optical path length until it returns from the optical 
resonator of optical system to the 1 st polarization optical system by return is set as the 
distance to which a laser beam progresses in the time width of face of a spike. According to the 
claim 6. optical system has by return two or more cuff mirrors which reflect the laser beam 
outputted from the optical resonator, and carry out incidence to the 1st polarization optical 
system, and the wavelength plate which polarizes the laser beam which spreads between these 
cuff mirrors. 
[0027] 

[Function] According to the claim 1. a gas laser medium is excited by voltage impression to each 
inter-electrode one, optical resonance is generated, and. finally, pulse laser light is outputted by 
making each inter-electrode excitation field penetrate again the pulse laser light obtained by this 
optical resonance. 

[0028] If according to the claim 2 voltage is impressed to each inter-electrode one by which 
opposite arrangement was carried out mutually and a gas laser medium is excited, the light 
emitted in this excitation field will polarize with the 1st polarization optical system, and will be 
outputted from an optical resonator while it carries out optical resonance by the optical 
resonator. The laser beam outputted from this optical resonator polarizes with optical system by 
return, and is again returned to an excitation field. 

[0029] Although a spike appears first in the laser beam outputted from the optical resonator and 
a tail next appears in it by this, by penetrating an excitation field again, the energy of a spike 
increases and the energy of the part tail decreases. 

[0030] According to the claim 3, the 1st polarization optical system is carrying out the linearly 
polarized light of the light generated in each inter-electrode excitation field. According to the 
claim 4. the 1st polarization optical system carries out the linearly polarized light of the light 
generated to the excitation field by each polarizing element arranged in an optical resonator, and 
one polarizing element carries out incidence of the laser beam from optical system into an 
excitation field again by return, and the polarizing element of another side outputs outside the 
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laser beann which penetrated the excitation field again. 

[0031] According to the claim 5, by setting the optical path length of optical system as the 
distance to which a laser beam progresses in the time width efface of a spike by return, the 
energy of a spike increases and the energy of the part tail decreases. 

[0032] According to the claim 6. 90 degrees of optical system polarize by return the laser beam 
which reflects the laser beam outputted from the optical resonator in two or more cuff mirrors, 
carries out incidence to the 1st polarization optical system, and spreads between the cuff 
mirrors of these plurality by the wavelength plate. 
[0033] 

[Example] Hereafter, one example of this invention is explained with reference to a drawing. In 
addition, the same sign is given to the same portion as drawing 3 . and the detailed explanation is 
omitted. Drawing 1 is the block diagram of pulse gas laser oscillation equipment. Each polarizing 
elements 20 and 21 as 1st polarization optical system are arranged with the predetermined angle 
at each ** of each electrodes 5 and 6. and the high reflecting mirror 8 and the partial 
transparency mirror 9 which constitutes an optical resonator. 

[0034] It generates to each electrode 5 and the excitation field between six. and these polarizing 
elements 20 and 21 have the function which carries out the linearly polarized light of a round trip 
and the light which carries out optical resonance by the optical resonator. On the other hand, 
the 1st cuff mirror 22 and the 2nd cuff mirror 23 which constitute optical system by return are 
arranged at the laser output side of the partial transparency mirror 9. 

[0035] Among these, the 1st cuff mirror 22 is arranged from the partial transparency mirror 9 to 
a laser beam on the street, and the 2nd cuff mirror 23 is arranged in the reflective direction of 
the 1st cuff mirror 22 of a parenthesis. 

[0036] This 2nd cuff mirror 23 is arranged at the angle which reflects the laser beam reflected in 
the 1st cuff mirror 22 toward the orientation of a polarizing element 21. The optical path length 
formed in the cuff mirror 22 of these 1 st and the 2nd cuff mirror 23. i.e.. the optical path length 
of the root until a laser beam is outputted from the partial transparency mirror 9 and returns to 
a polarizing element 21. is set as the distance to which light progresses in the time width ef face 
of a spike of pulse laser light, this optical path length — for example, the pulse width of a spike 
— 30ns it is — if — it is set as 9m 

[0037] In addition, this optical path length can be adjusted by changing the arrangement position 
of the 1st cuff mirror 22 and the 2nd cuff mirror 23. Moreover, the wavelength plate 24 is 
arranged on the optical path of the 2nd cuff mirror 23 and a polarizing element 21. 
[0038] This wavelength plate 24 has the function to rotate 90 degrees of plane of polarization of 
the laser beam reflected in the 2nd cuff mirror 23. Next, an operation of the constituted 
equipment is explained like the above. 

[0039] If power is supplied from a power supply 1. the charge and the accumulation of a charge 
to a capacitor 2 are performed to a capacitor 2 from it and a switching element 4 closes in the 
state where the switching element 4 has opened wide like the above next, the charge 
accumulated at the capacitor 2 will shift to each electrodes 5 and 6. 

[0040] The potential between each electrode 5 and 6 becomes high by shift of this charge, glow 
discharge occurs between these electrodes 5 and 6. and a gas laser medium is excited. It is C02 
by excitation of this gas laser medium. Light occurs from a molecule and optical intensity 
becomes [ this light ] high a round trip and by carrying out optical resonance between the high 
reflecting mirror 8 and the partial transparency mirror 9. 

[0041] Thus, the laser beam of the high head output first called spike since the energy will be 
emitted rapidly, if a laser beam occurs is obtained, continues, and they are after this spike 
generating and several microsecondec. The taper of the head output called tail occurs between 
grades. 

[0042] By the way. a round trip and the polarization of a laser beam which carries out optical 
resonance turn into the linearly polarized light by each polarizing elements 20 and 21 between 
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the high reflecting mirror 8 of an optical resonator, and the partial transparency mirror 9. 
Thereby, polarization of the laser beam outputted from the partial transparency mirror 9 is the 
linearly polarized light, and this laser beam reflects in each cuff mirrors 22 and 23. respectively, 
and carries out incidence of it to a wavelength plate 24. 

[0043] 90 degrees of the plane of polarization rotate by the wavelength plate 24. and this laser 
beam is spread to a polarizing element 21. Therefore, by the optical resonator, the linearly 
polarized light of a round trip and the laser beam which carries out optical resonance is carried 
out. next 90 degrees of plane of polarization rotate, and it carries out incidence of it to each 
electrode 5 and the excitation field between six again. 

[0044] Since the optical path length formed in the 1st cuff mirror 22 and the 2nd cuff mirror 23 
at this time is set as the distance to which light progresses in the time width of face of a spike 
of pulse laser light, a spike returns through the 1st cuff mirror 22 and the 2nd cuff mirror 23 at 
the time when a tail is formed in an excitation field. 

[0045] And an excitation field is penetrated, it reflects by the polarizing element 20. and the 
laser beam which 90 degrees of plane of polarization rotated by the wavelength plate 24. and 
carried out incidence to the excitation field again is outputted outside as a pulse laser light. 
[0046] Here, since the optical intensity of a spike is farther [ than the optical intensity of a tail ] 
high, the probability of making induced emission starting compared with tail formation is high. 
Therefore, time change of the output of the laser beam which penetrated the excitation field 
becomes that by which the energy of a spike was amplified as compared with the case where an 
excitation field is not made to penetrate again, as shown in drawing 2 , and most tails are no 
longer conversely formed with this. 

[0047] Thus, if voltage is impressed between each electrode 5 and 6 and a gas laser medium is 
excited in the one above-mentioned example The laser beam which the linearly polarized light of 
it was carried out by the 1st polarization optical system, and the light emitted in this excitation 
field was outputted from the optical resonator while it carried out optical resonance by the 
optical resonator, and was outputted from this optical resonator Since it turns up in each cuff 
mirrors 22 and 23. and 90 degrees of the plane of polarization are rotated by the wavelength 
plate 24 and it was made to return to an excitation field again, although a spike appears first in 
the laser beam outputted from the optical resonator and a tail next appears in it By penetrating 
an excitation field again, the energy of a spike increases and can decrease the energy of the part 
tail. 

[0048] Thus, since the energy equivalent to the energy of the removed tail contributes as an 
energy increment of a spike, the conversion efficiency to the spike energy over input energy 
improves. 

[0049] Therefore, to laser beam machining using the energy of a spike etc.. it can respond now 
with input energy conventionally smaller than equipment, and cost can be lowered. 
[0050] In addition, this invention is not limited to the one above-mentioned example, and may 
deform as follows. For example, when penetrating a laser beam to an excitation field again and 
outputting as a pulse laser light finally, polarization which does not restrict to 90 degrees, 
reflects by the polarizing element 20. and is outputted outside is sufficient as the polarization 
angle of the plane of polarization by the wavelength plate 24. Moreover, optical system should 
just be the composition of returning a laser beam to an excitation field with the combination of 
not only two cuff mirrors 22 and 23 but other cuff mirrors, by return. 
[0051] 

[Effect of the Invention] As a full account was given above, according to this invention, the pulse 
gas laser oscillation method which can remove a tail, and its equipment can be offered. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The block diagram showing one example of the pulse gas laser oscillation equipment 
concerning this invention. 

[Drawing 21 The wave form chart of the pulse laser light by this equipment. 

[Drawing 31 Conventional TEA-C02 Block diagram of pulse gas laser oscillation equipment. 

[Drawing 41 TEA-C02 Wave form chart of pulse gas laser light. 

[Drawing 5l The block diagram of pulse gas laser oscillation equipment equipped with the shutter 
function. 

[Description of Notations] 

5 6 [ — 20 A partial transparency mirror 21 / — A polarizing element, 22 / — The 1st cuff 
mirror, 23 / — The 2nd cuff mirror, 24 / — Wavelength plate. ] — An electrode, 8 — A quantity 
reflecting mirror, 9 
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